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Performing a sequence of fast saccadic horizontal eye movements has been shown to
facilitate performance on a range of cognitive tasks, including the retrieval of episodic
memories. One explanation for these effects is based on the hypothesis that saccadic eye
movements increase hemispheric interaction, and that such interactions are important for
particular types of memory.The aim of the current research was to assess the effect of hor-
izontal saccadic eye movements on the retrieval of both episodic autobiographical memory
(event/incident based memory) and semantic autobiographical memory (fact based mem-
ory) over recent and more distant time periods. It was found that saccadic eye movements
facilitated the retrieval of episodic autobiographical memories (over all time periods) but
not semantic autobiographical memories. In addition, eye movements did not enhance the
retrieval of non-autobiographical semantic memory. This finding illustrates a dissociation
between the episodic and semantic characteristics of personal memory and is considered
within the context of hemispheric contributions to episodic memory performance.
Keywords: bilateral eye movements, autobiographical memory, episodic memory, semantic memory, memory
fluency, hemispheric interaction
INTRODUCTION
Autobiographical memory refers to a range of stored information
and knowledge pertaining to the self, and thus a form of personal
memory. It is considered to comprise of both episodic (event and
instance specific) and semantic (general self knowledge and facts
about oneself) components (Conway, 1990, 2005; Dritschel et al.,
1992; Conway and Pleydell-Pearce, 2000; Levine, 2004). The exper-
iment presented here is concerned with the influence of saccadic
bilateral (horizontal) eye movements on the retrieval of episodic
and semantic components of autobiographical memory.
The reason for the interest in saccadic bilateral eye movements
relates to a broader research literature regarding the role of hemi-
spheric interaction in memory. It has been proposed that episodic
memory processing is, in part, dependent upon hemispheric inter-
actions (e.g., Christman et al., 2003; Habib et al., 2003; Christman
and Propper, 2010). The importance of cerebral interaction in
episodic memory comes from a range of findings. For example,
research with commissurotomized patients or those with callosal
agenesis show impaired performance on free recall and recogni-
tion, both of which are episodic memory tests (Phelps et al., 1991;
Geffen et al., 1994; Cronin-Golomb et al., 1996; Jha et al., 1997).
Personal handedness has also been used as a behavioral marker
for hemispheric interaction as several studies have found that
mixed or inconsistent handed individuals have a relatively larger
corpus callosum compared to right-handed individuals (e.g.,
Witelson, 1985; Denenberg et al., 1991; Habib et al., 1991; Clarke
and Zaidel, 1994). The larger size of the corpus callosum sub-
sequently provides a basis for greater hemispheric interaction
(Christman, 1993, 1995; Niebauer et al., 2002). Results have
revealed that mixed-handed individuals outperform those who
are strongly right-handed on a range of episodic memory tasks
including: free recall following incidental and intentional learn-
ing (Propper et al., 2005; Christman and Butler, 2011), enhanced
remember responses in the remember-know paradigm (Propper
and Christman, 2004), more accurate source/associative memory
(Lyle et al., 2008b, 2012; Chu et al., 2012), and more successful
learning of a foreign vocabulary (Kempe et al., 2009).
Research using neuroimaging procedures have also revealed
interesting findings regarding the role of hemispheric interaction.
Observations that the left and right prefrontal regions appeared
to be preferentially activated during the encoding (vs. retrieval)
of episodic information led to the proposal of the Hemispheric
Encoding and Retrieval Asymmetry (HERA) model (Nyberg et al.,
1996; Habib et al., 2003). This model essentially describes a func-
tional asymmetry between the left and right hemispheres in terms
of cognitive operations that are independent of the type of mater-
ial being processed. A number of studies have found broad support
for this idea using a range of techniques including PET (Tulving
et al., 1994), fMRI (McDermott et al., 1999; Kompus et al., 2011),
EEG (Babiloni et al., 2004, 2006), ERPs (Düzel et al., 1999), and
TMS (Rossi et al., 2004, 2006; Gagnon et al., 2010; Manenti et al.,
2011). In spite of the evidence in favor of the HERA model, not
all research is equally supportive. For example, it has been argued
that the main determinant of asymmetries is related to material-
specific processing biases (e.g., Wagner et al., 1998; Miller et al.,
2002) (but see Habib et al., 2003 for counter-arguments). Also,
a case has been made for the hypothesis that when retrieval is
effortful or demanding of resources, then retrieval itself elicits
bilateral activations (Nolde et al., 1998). In some respects, Nolde
et al. (1998) extend the HERA model by continuing to empha-
size left hemisphere activity during encoding but either right or
bilateral activity during retrieval depending on the complexity
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of the retrieval task. Despite some problems with HERA, it has
been contended that successful performance on tasks of episodic
memory are dependent upon the interaction between right hemi-
sphere based retrieval processes operating upon the products
of left hemisphere based encoding processes (Christman et al.,
2003; Christman and Propper, 2010). Even if effortful retrieval
involves bilateral activations, then presumably, successful interac-
tion between the hemispheres would be important for retrieval
success.
One particularly relevant avenue of research has focused on
the effects of saccadic bilateral eye movements on memory. A
number of experiments have demonstrated that episodic mem-
ory can be improved if retrieval is preceded by a period of 30 s of
saccadic bilateral eye movements. For example, Christman et al.
(2003), presented subjects with a list of words during the encod-
ing phase of an experiment. This was followed by 30 s of bilateral
eye movements prior to a test of episodic recognition memory.
Compared to a range of control conditions, it was found that
bilateral saccades improved overall memory accuracy. In addition,
and consistent with predictions, bilateral enhancement was absent
on a non-episodic test of implicit memory.
This and similar findings have been observed across a number
of laboratory-based tests assessing different aspects of episodic
memory such as: associative recognition and context memory
(Parker et al., 2008; Lyle et al., 2012), visual scenes (Parker et al.,
2009; Lyle and Jacobs, 2010), landmark shape and spatial loca-
tion information (Brunyé et al., 2009), and free recall of neutral
and emotional words (Samara et al., 2011; Nieuwenhuis et al.,
2013).
Eye movements have also been shown to reduce false memory
in paradigms that are designed to elicit high proportions of false
memories, such as the Deese-Roediger-McDermott (DRM) par-
adigm (Christman et al., 2004; Parker and Dagnall, 2007). As a
result, eye movements can be shown to increase memory accuracy
by both increasing the hit rate and reducing the false alarm rate
(e.g., Lyle et al., 2008a; Parker et al., 2008; Brunyé et al., 2009).
Interestingly, a dissociation between eye movements and mem-
ory type has been found in one experiment. Christman et al.
(2003) compared the effects of eye movements on performance
on tests of both episodic recognition and the perceptual implicit
test of word-fragment completion (WFC). Previous research has
demonstrated that WFC is little influenced by encoding tasks that
encourage meaning based analyses of the stimuli (e.g., Roediger
et al., 1992). However, WFC is influenced by changes in percep-
tual characteristics of items between study and test (e.g., Blum and
Yonelinas, 2001) and is largely considered to be dependent upon
perceptual-lexical processing (e.g., Nelson et al., 1989; Richardson-
Klavehn and Gardiner, 1998). The results of Christman et al.
(2003) found that saccadic bilateral eye movements influenced
episodic recognition only.
One explanation for these findings is that saccadic bilateral
eye movements bring about increased hemispheric interaction. In
particular, lateral eye movements have been found to be associ-
ated with activations in the contralateral hemisphere (Dean et al.,
2004; Kastner et al., 2007). Consequently, performing a sequence
of right-left eye movements is assumed to result in bihemispheric
activation. This in turn leads to equalized activation between the
two hemispheres and increased hemispheric interaction (Christ-
man et al., 2003; Christman and Propper, 2010). Potentially there-
fore, this forms the foundation for superior episodic memory, by
providing a basis for augmented encoding-retrieval interactions.
Both handedness and eye movement effects have been shown to
extend beyond memories acquired in the laboratory and improve
the recall of autobiographical information. For example, Prop-
per et al. (2005) found that mixed-handed individuals recalled
more actual (true) autobiographical events and were less prone
to false recall. Subsequently, Christman et al. (2006) established
both that mixed-handedness and bilateral saccades enhanced the
recall of earlier childhood memories. Later, Parker and Dagnall
(2010) furthered this work, observing similar enhancing effects
of handedness and eye movements on the retrieval of recollective
(and hence episodic) qualities associated with autobiographical
remembering.
Thus far, research on autobiographical memory and saccadic
eye movements (and handedness) has been limited to episodic
autobiographical memory. As noted earlier, autobiographical
memory consists of both episodic and semantic components.
Episodic autobiographical memory refers to memory for event-
specific details within a spatio-temporal context. Semantic auto-
biographical memory in contrast refers to personal facts and
knowledge about the self and life experiences (Conway, 2005;
Kopelman et al., 1989; Tulving, 2002). Research indicates that
episodic and semantic components of autobiographical memory
can be dissociated as a function of a range of factors such as: brain
damage (e.g., Kopelman et al., 1989; Murphy et al., 2008; Coste
et al., 2011), dementia (e.g., Greene et al., 1995; Smith et al., 2010),
and aging (e.g., Levine et al., 2002; Piolino et al., 2002). Patterns
of autobiographical memory dysfunction are also associated with
cortical-specific changes in cell loss/damage (Gilboa et al., 2005).
The current research extends previous findings by consider-
ing the effects of eye movements on both episodic and semantic
personal memory. To achieve this, it employs an autobiographical
fluency task that enables both components to be measured on a
common metric (Dritschel et al., 1992). In this test, participants
are required to produce aloud as many exemplars as possible to a
set of categories covering episodic and semantic personal memory
(and general semantic memory as an additional point of compari-
son). The measure of interest is the number of exemplars produced
per unit of time over 90 s (i.e., fluency). This technique (and simi-
lar fluency measures) has been employed in a variety of studies to
assess the episodic and semantic aspects of autobiographical mem-
ory (e.g., Dritschel et al., 1992; Greene et al., 1995; Matuszewski
et al., 2009; Smith et al., 2010; Coste et al., 2011; Unsworth et al.,
2012).
In the current experiment, memory was assessed after a pre-
task activity phase that involved either bilateral, vertical, or no-eye
movements. A vertical condition was employed similar to previ-
ous work (e.g., Christman et al., 2003; Parker and Dagnall, 2007;
Brunyé et al., 2009). The purpose of the vertical condition was
to act as an additional control to assess the specificity of eye
movement effects as opposed to influences due to increased oculo-
motor activity. According to Christman et al. (2003),finding effects
specific to the horizontal condition is supportive of the importance
of hemispheric interaction.
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In the current experiment, the pre-task activity was repeated
prior to the recall of each memory type. The reason for this relates
to the likelihood that eye movement effects on cognition are likely
to be time-limited. Although this is a reasonable idea, we are not
aware of any specific experiments that have directly addresses this
notion. However, some research does have some bearing upon
the issue. For example, Brunyé et al. (2009) argued that the dura-
tion of the effects might be similar to the duration of increased
neural excitability brought about by cortical transcranial magnetic
stimulation that on average is up to about 4 min (Pasqual-Leone
et al., 1994). In addition, in a test of divergent thinking, Shobe
et al. (2009) found that eye movement effects lasted up to 3 or
9 min depending on the measure used. Consequently, it is consid-
ered that the influence of eye movements is limited to a particular
time-window, although the precise duration of this window in
relation to memory retrieval is not yet known.
Based upon previous research and ideas of Christman et al.
(2003), it is hypothesized that bilateral saccades will facilitate
the retrieval of episodic autobiographical memory. It is expected
that both forms of semantic memory will be uninfluenced. Thus
episodic and semantic memories are expected to dissociate as a
function of bilateral saccades.
MATERIALS AND METHODS
DESIGN
The experiment had three independent variables and formed a
three (eye movement condition; bilateral vs. vertical vs. no-eye
movement) between-subjects by two (autobiographical memory
period; age 5–11 vs. 12–18) within-subjects by three (recall period;
30 vs. 60 vs. 90 s) within-subjects mixed ANOVA. The dependent
variable was the cumulative number of memories recalled in each
of the conditions. In particular, the number of episodic memories,
friends names, teachers names, and category examples.
PARTICIPANTS
A total of 69 participants took part in the experiment study and
were aged between 18 and 37 years. A total of 23 were assigned
randomly to each of the eye movement conditions. The mean ages
of the participants within each condition were 22.96 for the bilat-
eral group, 22.91 for the vertical group, and 23.13 for the no-eye
movement group. They were recruited from both inside and out-
side the university campus building and took part voluntarily after
providing informed consent.
MATERIALS AND APPARATUS
Test booklets were prepared that consisted of two main sections.
The first section allowed for the recording of participant informa-
tion. The second section contained the experimental instructions
pertaining to the recall of episodic autobiographical memory,
semantic autobiographical memory, and general semantic mem-
ory. With the exception of general semantic memory, each of
the aforementioned was further subdivided into autobiograph-
ical memory periods covering memories from 5 to 11 and 12 to
18 years. The test booklets contained the experimental instructions
and were later used to record the memory scores of the subjects
across each of the conditions.
A digital timer was used to time the 90 s given for each mem-
ory recall test. A Dictaphone was used to record the memories
produced by the subjects. This allowed the experimenter to assess
memory recalls over the time period and remove any repeated
responses from the participant recall protocol.
Following previous similar work, a computer program was
designed to initiate eye movements. This was done by flashing
a black circle against a white background from side to side (bilat-
eral condition), up and down (vertical condition), or on and off
in the center of the screen (fixation condition). The circle moved
(flashed) once every 500 ms and in the eye movement conditions
was located approximately 27°of visual angle apart. The average
size of the computer monitor was 55 cm (diagonal) and viewing
distance as adjusted to maintain 27°of visual angle.
PROCEDURE
All participants were tested individually and randomly assigned
to the eye movement conditions. Initially, each participant was
provided with the test booklet and asked to fill in the section
requesting personal details. Once this had been done, the booklet
was taken from the participant and retained by the experimenter.
The experimenter then requested the participant to face a com-
puter monitor and was told that the next part of the experiment
would begin. They were informed that this would consist of a
repeating cycle of four phases in which they would be asked to
view a moving (or stationary) dot on a screen followed by a test of
memory. All instructions were presented aurally.
For those allocated to the bilateral (vs. vertical) condition, the
instructions requested subjects to follow the moving dot from
side to side (vs. up and down) by making horizontal (vs. vertical)
eye movements. In the no-eye movement condition, subjects were
asked to fixate their attention on the dot flashing on and off in
the center of the screen. The experimenter monitored compliance
with these instructions. After 30 s of the allotted condition, the
memory test began. This procedure was repeated a total of four
times, once prior to each recall test.
The standardized instructions (based on Dritschel et al., 1992)
were read aloud by the experimenter to the participant accord-
ing to the type of memory tested (specific personal events
(episodic autobiographical), friends names (semantic autobi-
ographical), teachers names (semantic autobiographical), and
category examples (general semantic).
For episodic autobiographical memory the instructions read
“For this test, I would like you to recall as many personal mem-
ories of events from two periods in your life. The first period is
between 5 and 11 years old and the second period is between 12
and 18 years old. For each of these periods I would like you to
recall as many memories as you can within 90 s. Please try to name
specific event memories, such as “the time I beat my best friend in
the school swimming competition” rather than general memories,
such as “having a paper round.” Please do not go into describe in
detail about each memory, just state each one as it comes to mind
and then move onto the next. Participants were informed that they
did not have to disclose any memories they were not comfortable
with recalling or sharing.
For semantic autobiographical memory the instructions read
“For this test, I would like you to recall as many autobiographical
facts as you can from two periods in your life. The first period
is between 5 and 11 years old and the second period is between
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12 and 18 years old. For each of these periods I would like you to
recall as many autobiographical facts as you can within 90 s. By
autobiographical facts, in this case I mean names of school friends
(vs. teachers). You do not need to tell me each memory in detail,
just try to recall as many facts as you can about your life.”
For general semantic memory the instructions read “For this
test, I would like you to generate as many examples from two
semantic categories as you can. I will give you 90 s to generate
from each semantic category. By generating examples from seman-
tic categories what I mean is this, if I were to say transport then I
would like you to say as many examples of transport that you can
such as cars, trains, boats ships, etc. Just state out loud the exam-
ples that come to mind. You do not need to tell me each example
in detail, just try to generate as many examples as you can.” After
presenting these instructions, the experimenter read aloud either
animals or vegetables in a randomized order and the recall period
commenced. Once the recall period had expired, the next category
was presented and the second recall period for semantic memory
commenced.
Once the participants understanding of each test was con-
firmed, the timer was set to 90 s and the participant would begin
recall. Following Dritschel et al. (1992), subjects recalled infor-
mation from the earlier autobiographical period first. Subsequent
to the recall of each type of memory, there was a short pause of
a few minutes, in which the experimenter prepared for the next
phase and conversed with the subject at a general level. Following
this, the next cycle of eye movements and testing began. The order
in which episodic autobiographical, semantic, autobiographical
(friends and teachers names),and general semantic memories were
tested was counterbalanced. Thus the experiment consisted of a
series of four eye movement and recall phases.
Following completion of the experiment, participants were
debriefed and informed of their participant rights.
RESULTS
The number of memories recalled (minus repetitions or irrelevant
information) for each memory type were entered into ANOVAs
with eye movements as a between-subjects factor and autobi-
ographical memory period and time period as within-subject
factors. For episodic, friends and teacher memories this created
the following design: three (eye movement; bilateral vs. vertical
vs. central fixation) by two (autobiographical memory period; 5–
11 vs. 12–18.) by three (recall period; 30 vs. 60 vs. 90) mixed
ANOVA. For general semantic memory, the variable of autobio-
graphical memory period was not relevant and the design was a
three (eye movement; bilateral vs. horizontal vs. central fixation)
by two (semantic category; animals vs. vegetables) by three (recall
period; 30 vs. 60 vs. 90) mixed ANOVA.
EPISODIC AUTOBIOGRAPHICAL MEMORY
The cumulative number of specific autobiographical memories
can be found in Table 1 below.
This revealed a main effect of autobiographical memory period,
F(1, 66)= 7.53, p= 0.008, indicating more episodic memories
recalled for the more recent period (M for 5–11= 8.21; M for
12–18= 9.67). The interaction between autobiographical mem-
ory period and eye movements was not significant F(2, 66)= 0.39,
Table 1 | Mean (SD) number of episodic memories recalled as a
function of eye movement condition, autobiographical memory
period, and recall period.
ABM period and
recall period (s)
Eye movement
Bilateral Vertical Central
5–11YEARS
30 6.09 (3.36) 4.91 (2.15) 4.52 (1.44)
60 10.00 (4.22) 9.00 (3.87) 8.00 (2.43)
90 13.73 (4.78) 12.13 (4.69) 11.00 (3.50)
12–18YEARS
30 6.65 (2.53) 6.00 (2.45) 4.91 (2.69)
60 11.13 (3.25) 10.01 (3.25) 8.48 (3.63)
90 15.08 (4.19) 13.26 (3.73) 11.52 (4.44)
p= 0.68. The main effect of recall period was significant, F(2,
132)= 564.56, p≤ 0.001, indicating a greater number of memo-
ries recalled over the longer (90 s) time period. The interaction
between recall period and eye movements started to approach
significance, F(4, 132)= 2.07, p= 0.09. The three way interac-
tion between autobiographical memory period, recall period, and
eye movement was not significant, F(4, 132)= 0.87, p= 0.42. The
main effect of eye movements was significant. F(2, 66)= 3.57,
p= 0.03. The main effect of eye movements was assessed via t
tests between each of the eye movement conditions. The differ-
ence between the central and vertical condition started to approach
significance, t (44)=−1.35, p= 0.09 (with higher means for the
vertical condition). The difference between vertical and bilateral
condition also started to approach significance, t (44)=−1.33,
p= 0.09 (higher means for the bilateral condition). The dif-
ference between the central and bilateral condition was signifi-
cant, t (44)=−2.66, p= 0.01 (with higher means for the bilateral
condition).
SEMANTIC AUTOBIOGRAPHICAL MEMORY – FRIENDS
The cumulative number of friends recalled can be found in Table 2
below.
The main effect of autobiographical memory period was signif-
icant F(1, 66)= 16.43, p≤ 0.01, indicating more friend memories
recalled for the more recent time period (M for 5–11= 16.62;
M for 12–18= 19.15). The interaction between autobiographi-
cal memory period and eye movements was not significant, F(2,
66)= 0.88, p= 0.42. The main effect of recall period was signif-
icant, F(2, 132)= 374.91, p≤ 0.01, indicating a greater number
of friend memories recalled over the longer (90 s) time period.
The interaction between recall period and eye movement was not
significant F(4, 132)= 0.17, p= 0.94. The interaction between
autobiographical memory period and recall period was signifi-
cant, F(2, 132)= 10.37, p≤ 0.001. This interaction was further
assessed with simple main effects at each level of recall period. At
the 30 s interval, the difference between 5–11 and 12–18 was sig-
nificant, t (69)=−2.70, p= 0.009. At the 60 s interval, the differ-
ence between 5–11 and 12–18 was also significant, t (69)=−3.46,
p= 0.001. At the 90 s interval, the difference between 5–11 and
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Table 2 | Mean (SD) number of friend memories recalled as a function
of eye movement condition, autobiographical memory period, and
recall period.
ABM period and
recall (s)
Eye movement
Bilateral Vertical Central
5–11YEARS
30 11.91 (2.89) 11.52 (3.55) 9.95 (4.64)
60 18.30 (3.53) 17.69 (5.41) 16.39 (8.87)
90 22.17 (6.29) 21.17 (6.56) 20.83 (10.60)
12–18YEARS
30 13.43 (2.50) 12.65 (3.46) 10.65 (3.58)
60 21.48 (4.88) 20.08 (4.74) 17.65 (6.55)
90 27.56 (8.08) 25.73 (5.32) 23.09 (9.46)
12–18 was also significant, t (69)=−4.19, p≤ 0.001. Overall, this
indicates that the difference in the number of memories recalled
between time periods concerning friends becomes more signifi-
cant over the recall interval. The three way interaction between
time period, time interval, and eye movement was not significant,
F(4, 132)= 0.59, p= 0.67. The main effect of eye movements was
not significant. F(2, 66)= 1.94, p= 0.15.
SEMANTIC AUTOBIOGRAPHICAL MEMORY – TEACHERS
The cumulative number of teachers recalled can be found in
Table 3 below.
The main effect of autobiographical memory period was signif-
icant F(1, 66)= 25.69, p≤ 0.001, indicating more teacher memo-
ries recalled for the more recent time period (M for 5–11= 7.51;
M for 12–18= 10.40). The interaction between autobiographi-
cal memory period and eye movements was not significant F(2,
66)= 1.15, p= 0.32. The main effect of recall period was signifi-
cant, F(2, 132)= 165.87, p≤ 0.001, indicating a greater number
of memories recalled over the longer (90 s) time period. The
interaction between recall period and eye movements was not sig-
nificant, F(4,132)= 0.50, p= 0.74. The interaction between mem-
ory period and recall period was significant F(2, 132)= 29.83,
p≤ 0.001. The interaction was assessed with simple main effects
at each level of time interval. At the 30 s interval, the differ-
ence between 5–11 and 12–18 was significant, t (69)=−2.43,
p= 0.018. At the 60 s interval, the difference between 5–11 and
12–18 was also significant, t (69)=−4.85, p≤ 0.001. At the 90 s
interval, the difference between 5–11 and 12–18 was also sig-
nificant, t (69)=−5.78, p≤ 0.001. Overall, this indicates that the
difference in the number of memories recalled between time peri-
ods concerning teachers becomes more significant over the recall
interval. The three way interaction between memory period, recall
period and eye movement was not significant, F(4, 132)= 0.23,
p= 0.91. The main effect of eye movements was not significant.
F(2, 66)= 0.27, p= 0.77.
GENERAL SEMANTIC MEMORY
The cumulative number of semantic items recalled can be found
in Table 4 below.
Table 3 | Mean (SD) number of teacher memories recalled as a
function of eye movement condition, autobiographical memory
period, and recall period.
ABM period and
recall period (s)
Eye movement
Bilateral Vertical Central
5–11YEARS
30 5.26 (1.73) 5.39 (2.77) 6.17 (3.47)
60 7.17 (2.46) 7.43 (3.59) 9.00 (6.78)
90 8.26 (2.63) 8.47 (3.83) 10.47 (6.85)
12–18YEARS
30 6.47 (2.57) 7.08 (2.87) 6.26 (4.47)
60 10.56 (3.69) 11.13 (4.29) 10.70 (7.60)
90 13.73 (4.85) 13.91 (4.32) 13.70 (9.56)
Table 4 | Mean (SD) number of semantic memories recalled as a
function of eye movement condition, semantic category, and recall
period.
Semantic category
and recall period (s)
Eye movement
Bilateral Vertical Central
VEGETABLES
30 9.26 (2.70) 9.09 (3.17) 8.87 (2.83)
60 13.47 (4.71) 12.43 (3.53) 13.35 (4.10)
90 16.00 (4.76) 14.56 (4.25) 15.52 (5.08)
ANIMALS
30 15.91 (5.45) 14.39 (3.49) 15.09 (2.90)
60 24.78 (6.34) 22.26 (4.23) 23.70 (5.57)
90 29.96 (6.45) 28.08 (5.12) 29.47 (6.80)
The main effect of semantic category was significant F(1,
66)= 375.48, p≤ 0.001. This indicates more items recalled for
the category of animals (M for animals= 22.63; M for vegeta-
bles= 12.51). The interaction between semantic category and eye
movements was not significant F(2, 66)= 0.36, p= 0.70. The
main effect of recall period was significant, F(2, 132)= 488.94,
p≤ 0.001, indicating a greater number of exemplars recalled over
the longer (90 s) time period. The interaction between recall
period and eye movements was not significant, F(4, 132)= 0.57,
p= 0.68. The interaction of semantic category and recall period
interval was significant, F(2, 132)= 106.84, p≤ 0.001. The inter-
action between semantic category and time interval was fur-
ther assessed with simple main effects at each level of recall
period. At the 30 s interval, the difference between vegetables
and animals was significant, t (69)=−12.72, p≤ 0.001. At the
60 s interval, the difference between vegetables and animals was
also significant, t (69)=−18.51, p≤ 0.001. At the 90 s interval, the
difference between vegetables and animals was also significant,
t (69)=−18.93, p≤ 0.001. Overall, this indicates that the differ-
ence in the number of memories recalled between semantic cat-
egories periods becomes more significant over the recall interval.
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The three way interaction between semantic category, recall period
and eye movements was not significant, F(4, 132)= 0.24, p= 0.91.
The main effect of eye movement was not significant, F(2,
66)= 0.90, p= 0.41.
GENERAL SUMMARY
Bilateral saccades enhanced autobiographical memory fluency
but only when this required the retrieval of episodic informa-
tion. Bilateral eye movements did not influence fluency on the
tests requiring the retrieval of personals semantic information or
taxonomic semantic information.
DISCUSSION
The current experiment found a dissociation between episodic
and semantic autobiographical memory as a function of bilateral
saccadic eye movements. A dissociation was also found between
episodic autobiographical memory and general semantic memory.
In particular, saccadic bilateral eye movements improved fluency
of memory retrieval but only for episodic memory.
These findings are congruent with the explanation offered by
Christman et al. (2003) in which it is claimed that bilateral saccades
influence only episodic memory. The rationale for this was rooted
in research based on the HERA model (Habib et al., 2003) which
states episodic memory is dependent upon the efficient interaction
between the two cerebral hemispheres. Consequently, one way to
explain the current findings is that increased/more efficient hemi-
spheric interaction brought about by bilateral saccades enabled the
more effective recovery of episodic (vs. semantic) memory traces.
An interesting point is that the autobiographical memory
period did not interact with the eye movement manipulation;
the effects were observed irrespective of whether the memories
were more recent or more remote. Earlier work has demonstrated
that bilateral saccades can enhance the recovery of earlier autobio-
graphical memories, and hence lead to an earlier offset of infantile
amnesia (Christman et al., 2006). However, that experiment did
not specifically compare different time periods. Furthermore, in
the current experiment, although lifetime periods were speci-
fied, the experimental instructions did not request specifically the
retrieval of earliest memories.
The interaction between eye movements and recall period did
not reach statistical significance therefore, eye movements enabled
the more fluent recovery of episodic information over the three
recall periods (30, 60, and 90 s). However, although not significant,
the interaction between recall period and eye movements started
to approach such a value. Inspection of the means in Table 1
appears to show greater differences between the eye movement
conditions for the longest recall period of 90 s. This may suggest
that the effects of eye movements on recall could be greater when
extended searches are required. This conjecture obviously requires
further work.
The explanation for the effects of eye movements, as noted ear-
lier, is based upon the original one formulated by Christman and
colleagues (e.g., Christman et al., 2003; Christman and Propper,
2010). In some sense, direct evidence for the influence of bilateral
saccades on hemispheric interaction has yet to found. Some sug-
gestive evidence has shown that bilateral saccades alter prefrontal
EEG coherence in the Gamma frequency range (Propper et al.,
2007). However, this experiment did not measure memory perfor-
mance. In another study, that did measure memory, no evidence
was found for a specific effect of bilateral saccades on hemispheric
interaction even though memory was improved following bilateral
eye movements (Samara et al., 2011).
An alternative account of the results is that eye movements
may enhance anterior-posterior interactions (Parker and Dag-
nall, 2007). Such interactions are of particular importance for
episodic memory retrieval (Simons and Spiers, 2003; Summer-
field and Mangels, 2005), and have been taken to indicate the
functional coupling of frontal executive processes with more pos-
terior regions, where the memory trace is stored. More recently,
Lyle and colleagues (e.g., Lyle and Martin, 2010; Lyle and Orsborn,
2011) hypothesize that saccadic eye movements may result in the
activation of neural regions that are involved in the allocation of
attention and top-down control mechanisms. Their explanation
is based on the findings that show making saccades activates a
network of neural regions that include the frontal eye fields and
more posterior regions such as the intraparietal sulcus. The latter
region has been shown to play a role in episodic memory (Skinner
and Fernandes, 2007; Cabeza, 2008; Ciaramelli et al., 2008) and
the idea is that saccadic eye movements serve to pre-activate this
region and thus enhance its functional contributions to task per-
formance. These anterior-posterior interactions can occur within
each hemisphere and thus in some respects, does not require
interhemispheric interaction in order to support memory. Evi-
dence for this has come from behavioral studies in which bilateral
saccades were found to increase the accuracy of detection in a
letter matching task, but only for within hemisphere trials (Lyle
and Martin, 2010). Support has also been found from findings
that demonstrate saccades do not increase effects that depends
on interhemispheric interaction such as bilateral gain effects in
face recognition (Lyle and Orsborn, 2011). More direct evidence
for the role of saccade execution in attention control comes from
Edlin and Lyle (2013), who found that bilateral saccades enhanced
performance in the Attentional Network Task (ANT). In this task,
subjects are required to detect and indicate the direction in which a
target arrow is pointing. The position of the arrow can be cued (vs.
uncued) and can be flanked by arrows that are either congruent
(vs. incongruent) with the targets direction. The ANT allows for
an assessment of various forms of attentional operations includ-
ing, alerting, orienting, and control (executive functioning). Their
results indicated an effect of bilateral saccades on the executive
control component.
In relation to the current findings, the notion of enhanced
top-down control and anterior-posterior interactions would make
sense from some theoretical models of autobiographical memory
and neuroimaging findings. For example, Conway (2001, 2005)
and Conway and Pleydell-Pearce (2000), conceptualize autobio-
graphical memory as organized in a hierarchical manner with
distinct but interacting levels of representations. At the highest
level are lifetime periods which represent personal information
covering broad spans of time. Examples could include “my life
whilst at secondary school” or “my relationship with my partner.”
Also included at this level is general knowledge of other persons
(e.g., teachers and friends), actions and plans. This type of rep-
resentation is devoid of event-specific information and can be
Frontiers in Human Neuroscience www.frontiersin.org September 2013 | Volume 7 | Article 630 | 6
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Parker et al. Bilateral saccades and autobiographical memory fluency
considered more schematic or semantic in nature. The next level of
representation refers to general events and refers to both repeated
and extended events such as “my holiday in the Lake District.”
The time span for this level typically ranges from days to weeks.
The most detailed level of representation is that of event-specific
knowledge. This level contains information of specific experiences
rooted in perception and linked to occurrences in time and place.
Consequently, this level of representation is episodic in nature.
Recalling autobiographical information can take the form of
accessing event-specific information via higher levels of represen-
tation via control processes. Thus, recalling semantic information
takes place prior to accessing the episodic details of an event. In
relation to neural activations, this translates into initial processing
in anterior regions, such as the left prefrontal cortex (representing
cue specification and elaboration) followed by activations in poste-
rior regions on the right or bilaterally (as the memory is recovered).
This idea has received empirical support from studies of both
slow cortical EEG potentials (e.g., Conway et al, 2001) and fMRI
research (e.g., Botzung et al., 2008) (see also Cabeza and St Jacques,
2007 for a review of imaging studies implicating anterior-posterior
interactions). More generally, a role for executive functioning in
retrieving autobiographical memories has been implicated across
a range of work, especially when access is required to event or
episode-specific information. This is demonstrated by reduced
executive control being associated with the increased likelihood
of recalling more general (less specific) memories (e.g., Dalgleish
et al., 2007), fewer episodic details (e.g., Matuszewski et al., 2009),
and a reduced sense of autonoetic awareness and reliving of the
episode (e.g., Piolino et al., 2007).
In terms of the present findings, this would suggest that bilateral
saccades facilitate access to lower levels of representation. Higher
levels of representation (semantic memory) are not influenced by
such eye movements. Consequently, an alternative explanation of
the current findings is that the dissociation between the retrieval
of event-specific (episodic) and more general semantic memory
arises as a direct result of top-down executive mechanisms as speci-
fied by Edlin and Lyle (2013). This would presumably take the form
of saccades enhancing executive functioning, preactivating poste-
rior regions involved in episodic memory, and enabling a more
efficient and extended search through the store of event-specific
information.
The idea of the importance of anterior-posterior interaction in
autobiographical retrieval (and eye movement effects) does not
have to be seen as excluding hemispheric interactions. Cooper-
ation between the hemispheres would appear to be important
in recalling episodic autobiographical memory as indicated by
imaging studies that find bilateral activations during recall (e.g.,
Markowitsch et al., 2000; Greenberg et al., 2005; Vandekerckhove
et al., 2005; Viard et al., 2010; Söderlund et al., 2012). Conceivably
therefore, both accounts of eye movement effects could provide
a plausible account of the findings; the experiment itself was not
designed to assess one compared to the other.
Some of the findings of the present experiment deserve further
comments; in particular, as related to recall period (and the dura-
tion of eye movement effects) and vertical saccades. Although the
effect of eye movements did not interact with recall period (or
ABM period), consideration of the means for episodic memory,
appear to show slightly larger differences for the later segment
of the recall period. Indeed the interaction started to approach
significance for these variables. Whilst it is difficult to make too
much of this finding, it is interesting to speculate why this might
occur in relation to; (i) the potential time-limited effect of eye
movements, and (ii) the means by which eye movements influ-
ence episodic retrieval. Pertaining to the former, the influence of
eye movements must have at least spanned the recall period and
thus show effects lasting over 180 s. This would certainly be within
the potential time-window for eye movement effects as noted in
the introduction. Pertaining to the latter, if it is assumed that recall
in autobiographical memory may often start with the recall of the
most accessible information or spontaneously retrieved memories
(e.g., Conway and Pleydell-Pearce, 2000), then eye movements do
not appear to influence this early stage of retrieval. Instead, the
largest influence could arise at a later stage in the recall process
that represents more effortful or attentionally demanding pro-
cessing. This form of retrieval requires a generative recall process
likely involving frontal/executive processes (Smith et al., 2010).
This finding, if robust, fits in well with the hypothesis that sac-
cade execution influences effortful recall by the implementation
of top-down control processes.
It was noted in the introduction that only bilateral saccades were
expected to enhance memory as this is in accordance with the idea
that such influences are underpinned by hemispheric interaction.
However, some research has found vertical saccades to enhance
episodic memory (e.g., Lyle et al., 2008a), whereas other research
has not found this to be the case (e.g., Christman et al., 2003;
Parker et al., 2008; Brunyé et al., 2009). The current research found
that vertical eye movements produced effects that were in-between
those of bilateral and the central fixation condition (see Table 1).
In the original paper by Christman et al. (2003), vertical eye move-
ments (and other forms of eye movements) produced effects that
were in-between the bilateral and no-eye movement condition. It
is unclear why such differences have been observed in previous
work and suggests additional research is required.
There are some limitations to the current experiment that need
to be considered. One relates to the study of autobiographical
memory more generally. In particular, because the events sam-
pled come from the participants own life, then it is difficult to
independently assess the veracity of the information recalled.
One potential means of overcoming this would be to use diary
based methods (e.g., Christman et al., 2003), but this would typ-
ically limit the time period over which memory could be studied.
In relation to much autobiographical memory work that uses
fluency measure or other forms of retrospective accounts (e.g.,
cue-word techniques), then it needs to be ensured that recalls
are not contaminated by false memories, misleading reports (per-
haps because of personal details), or retrieval from incorrect time
periods. In the current experiment, the participants were fully
assured that all responses would be treated anonymously and that
they were not pressured into producing any personal details that
they felt uncomfortable revealing. It would also seem unlikely
that the results obtained here are due to any unintentional pro-
duction of false memories or some form of source monitoring
error by identifying memories from incorrect time periods. This
is argued because previous laboratory-based work on bilateral
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eye movements has shown them to increase true and decrease
false memory, even in situations that require a high degree of
source monitoring to reduce such errors (e.g., Parker et al., 2008;
Lyle and Jacobs, 2010). Consequently, to contend that the effects
that were found here were the result of false autobiographical
recall or faulty source monitoring would be incongruent with past
research.
Another potential limitation is that handedness was not
assessed. In some experiments, handedness and eye movements
have been shown to interact such that greater eye movement effects
are found with individuals who are strongly right-handed (Lyle
et al., 2008b; Brunyé et al., 2009). However, other work has shown
eye movements to enhance memory irrespective of handedness
(Lyle and Jacobs, 2010). More recently, consistency of handedness
(regardless of direction) has been shown to be of importance (Lyle
et al., 2012). As a result, the precise relationship between handed-
ness and eye movements is something that has yet to be explored
further, both in general terms and in more specific contexts like
the experiment reported here. In spite of this, the fact that an
effect of bilateral eye movement was found suggests that even if
stronger effects can be found with right-handed participants, they
are not negligible in groups that likely contain a broader range of
handedness types. In addition, given that most common behav-
ioral profile is that of right-handedness (Peters and Murphy, 1992),
then it could be safe to assume that most of the participants in the
current experiment were right-handed.
Handedness itself has an influence on cognitive processes as
outlined in the introduction; for example enhancing episodic
memory. As some research has indicated similar effects of both
eye movements and handedness (see Christman and Propper,
2010 for a review), then one might expect similar outcomes to
the present results when comparing inconsistent with consistently
strong right-handers. Although this research has not been under-
taken, one recent report showed that general semantic memory
fluency (number of exemplars produced) was not influenced by
handedness (Sontam et al., 2009), and is thus consistent with
the findings here. However, they did find a difference in which
mixed-handed subjects demonstrated greater semantic switching
(shifting from one taxonomic category to another) which was
taken to indicate more widespread activation within semantic
networks.
In summary, the present results found a dissociation between
the episodic and semantic components of autobiographical mem-
ory as a function of eye movements. Subsequent research may
consider investigating the influence of eye movements on other
tasks of autobiographical memory and examining in a more direct
manner, the influence of hemispheric interaction on both episodic
and semantic autobiographical retrieval.
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